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INTRODUCTION 
In the latter part of the 19th century scientists discovered that 
bacteria were the cause of the formation of the nodules on the legume 
roots. Some of these nodules had the unique property of being able to 
use elemental nitrogen as a source of nitrogen for the growth of the 
bacterium and the plant. Isolates of these rhizobia were found to be 
limited in their capacity to infect leguminous plants. The establishment 
of cross-inoculâtion groups of legume bacteria which were more likely 
to infect the species of legumes in the group had considerable practical 
importance in inoculation of leguminous seeds. Detailed studies with 
individual Rhizobia showed that there were many exceptions to the cross-
inoculation groups and that a more specific interaction between bacterium 
and host plant was indicated. 
Since the isolation of nodule bacteria, the question of their 
specific interaction with leguminous plants has been a subject of research. 
It has been established that most nodules contain only one strain of 
Rhizobia. A given leguminous plant root system may contain different 
strains in different nodules. These results were based on the use of 
better methods, such as serology, which allowed the differentiation of 
nodule bacteria and indicated the existence of physiological speciali­
zation between the host and Rhizobia. 
The results of previous investigators showed that the host plant, 
the Rhizobia, and environmental factors are all interacting with each 
other to affect the symbiotic association which resulted in a nodule. 
It was also found that the degree of bacterial benefit to the host was 
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somewhat variable and unstable. In the field, competition existed 
between the strains for infection of the host. Since some of the strains 
present in the soil are less effective in nitrogen fixation, the strains 
which may infect the legume root system could be of considerable practical 
importance. The establishment of effective "economic" strains by means 
of inoculation has been an objective of legume growers. The success of 
such inoculation depends not only on the ability of the inoculated 
rhizobial strain to survive and infect the root system, as well as its 
effectiveness in fixing nitrogen, but also on its ability to compete 
against the rhyzobial strains present in the soil before inoculation. 
Survival of a rhizobial strain in the soil is dependent not only on 
its ability to infect the host plant but also upon its ability to main­
tain an active population in the soil in the absence of the host plant. 
The success or failure of a particular rhizobial strain partially depends 
on its ability to survive chemical and biochemical soil conditions as 
well as on the host variety. 
Direct isolation and identification of rhizobial strains from soil 
is not practical at present. Rhizobia can be isolated from nodules of 
legume plants grown in the field or from plants grown in sterile substrates 
inoculated with soil from that field. For an extensive investigation of 
the specific strains of rhizobia in the soil and on host plants, a quick, 
economic, and efficient method for serological identification of the 
strains was necessary. 
The specific objectives of this study were : 
1. Determination of the serological groupings (serogroups) of 
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Khizobium japonicum strains from nodules of soybeans grown (a) in 
different soil types, (b) under different cropping sequences. 
2. Determination of the selective ability of different 
soybean genotypes for Rhizobial strains under different conditions 
in the field and in pot cultures. 
3. A survey of serogroups of Rhizobium japonicum present 
in the nodules of soybeans grown in various Iowa fields. 
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HISTORICAL 
Identification of Rhizobial Strains by Serological Tests 
It was decided to use serological techniques for identification of 
the Rhizobial strains for the following reasons : 
1. The USDA (Johnson and Means, 1963) had already established 
the serogroups for many other Rhizobia which infect soybeans. 
2. Serogroups are relatively easily identified and were 
adaptable to determination of large numbers of samples. 
3. Serological identification is more rapid, more specific 
and easier than identification by other methods such as 
physiological reactions. 
A brief discussion of the principles of serological tests follows. 
Practically all foreign substances (proteins and non-proteins, 
called antigen), when introduced into an animal species possess a special 
sort of biocatalytic power, which stimulates specifically the synthesis 
of antibodies. An antibody (globulin) is a result of antigenic stimulus 
and reacts specifically with an antigen in some observable way. Wilson 
and Miles (1955) also discuss the theories and mechanism of antibody 
formation and their chemical and physical properties. 
Nuttal (1888) demonstrated that the defibrinated blood of certain 
animals had the power of killing bacteria (Wilson and Miles, 1955). With 
the development of serological techniques, the antigenic specificity of 
many bacterial species has been established. According to Stevens (1925) 
and Fred et al.(1932), Zipfel in 1911 was the first to employ the 
agglutination test for the identification of legume nodule bacteria. The 
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antisera for some cultures of nodule bacteria would not agglutinate 
certain others. Vogel and Zipfel (1921) concluded that the nodule 
bacteria are not one species and that the serological properties of 
the bacteria are definite inheritable characteristics. Stevens (1923) 
separated 55 strains of rhizobia, representing 7 cross-inoculation 
groups, into 18 distinct serological groups. The rhizobia of the 
alfalfa-sweet clover cross-inoculâtion group could be separated into 
two or more serological groups which appear to have little relationship 
to each other. One of the differences between these groups seems to be 
the nitrogen-fixing ability (Stevens, 1925). 
Wright (1925a and 1925b) separated 4 serogroups of soybean rhizobia 
into 2 biotypes, A and B, which were morphologically alike but physio­
logically different. Nodules produced by strains of biotype A were 
centrally located on the plant root, while nodules produced by biotype B 
were scattered on the lateral roots. The nodules of B were usually 
smaller than those of A. Assays for the nitrogen-fixing ability of 
biotypes A and B indicated that 4 strains of biotype A were capable of 
fixing more nitrogen than 2 strains of biotype B when inoculated on 3 
soybean varieties. 
Several early workers employed complement fixation, precipitation 
and agglutination tests for a strain identification (Fred et al., 1932); 
the agglutination test was found to be most convenient because the 
reactions were readily observed and a serum with high titre could be 
obtained without difficulty (Vincent, 1941). Carroll (1934b) obtained 
comparable results with the complement fixation and the agglutination 
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tests for separating strains of nodule bacteria. In the previously 
reported serological tests, the whole cell was used as a source of 
antigen; up to this time, the specificity of somatic (0) and flagellar 
(H) antigens had not been distinguished in agglutination tests. 
Bushnell and Sarles (1939) investigated the antigenic constitution 
of legume bacteria by employing whole-cell, flagellar, and washed antigens. 
A clear picture of the antigenic constitution of soybean, cowpea and 
lupine rhizobia was not obtained. Vincent (1941) was able to differ­
entiate between flagellar and somatic antigens, and described a new 
method for determining the antigenic constituents of JRh. melilotii. The 
somatic antigen (0) was prepared by steaming rhizobial suspensions, 
prepared in a physiological saline, for 30 minutes. The untreated 
rhizobial cells represented the whole antigen which was capable of giving 
typical flagellar and somatic agglutination reactions. The positive 
agglutination reaction of the H antigen was characterized by a markedly 
flocculent agglutinate but showed only slight clearing of the suspension. 
The 0 antigen gave finely granular agglutinate and complete clearing of 
the supernatant in the Dryer tubes. The flagellar antigen gave broader 
but unreliable serological groupings of different rhizobial strains 
while narrower and more specific serogrouping was obtained with somatic 
antigens (Vincent, 1941, 1942). Date (1962) employed cross-agglutination 
and agglutinin absorption tests to illustrate minimal somatic antigenic 
constitution of 28 Rhizobium japonicum strains. The agglutinin absorption 
(or "cross-absorption") technique permitted a better differentiation 
between strains. From such studies a minimal antigenic constitution 
9 
groups F, I and K in which antisera 123 was present. The strains in 
group F (strains 74, 76, 123) were found in Iowa but not in Mississippi. 
Some Factors Relating to Effectiveness of Rhizobia 
Since serological tests are such a useful tool for strain identifi­
cation of rhizobia, is there a correlation between antigenic constituents 
of a strain and its nitrogen-fixing ability? Kleczkowski and Thornton 
(1944) and Vincent (1944) found that antigenically similar strains often 
differ in their effectiveness. Working with the pea inoculation group, 
it was concluded that the effectiveness was not associated with the 
presence or absence of a particular antigen or a group of antigens. 
The role of bacteria and plant in the rhizobia-plant complex, as 
well as the interaction between them, remains poorly understood. Allen 
and Allen (1950) suggested that the role of the respective symbiants 
would be very difficult to evaluate because of the difficulty in seg­
regating the role of the bacteria and the plant in the complex. Fred. 
et al, (1932) stated that, "The plant bacterial association is so intimate 
that one might conceive of the association as constituting a new form of 
life possessing new and unusual properties". Reviews concerning the bio­
chemical and physical aspects of the different factors which interact in 
the symbiotic system have been written by Fred eit al, (1932), Wilson 
(1940), Allen and Allen (1950), Nutman (1956), and Raggio and Raggio 
(1962). 
Rhizosphere and rhizobia 
Development of soil microorganisms is greatly enhanced on or near 
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the roots of plants. Starkey (1929, 1931) made some of the pioneering 
studies on the effect of different plants on the abundance and activity 
of the microorganisms near and away from roots. Age and type of plant 
were found to affect microbial activités. Thé actinomycetes and fungi 
responded less to roots than did the bacteria, especially the radio-
bacter group. A larger bacterial population was found on leguminous 
than on non-leguminous roots (Starkey, 1931). About 50 times as many 
bacteria were in the rhizosphere of legumes, and 12 times as many in 
the rhizosphere of non-legumes, as in the adjacent soil. 
Katznelson et al, (1948) attributed the relationship between 
microorganisms and higher plants to the energy supplied to the micro­
organisms by sloughed-off root portions. Rouatt and Lochhead (1955) 
stated that, although the microbial ecology of soil is affected by 
season, temperature, moisture and fertilizer treatments, greater 
alternation in microbial quantity and quality took place through the 
effect of growing plants, particularly in the rhizosphere. Webley 
et al,, (1952) found a significant relationship between the development 
of soil microflora and plant succession on a bare sand dune. Bacterial 
and fungal population increased markedly with plant colonization, and 
numbers increased steadily with the development of vegetation and 
increasing complexity of the plant community. 
There is limited information in the literature about the species of 
organisms present in the rhizosphere of different plants. Clark (1940) 
reported the abundance of the Pseudomonas group in the rhizosphere. 
Webley et al- (1952) found that 82% of the isolates from the surface 
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of the roots of Agropyron junceum and 61% of those from Ammophila 
arenatia had affinities with the genera of Corynebacteriunu Mycobacterium 
or Nocardia, or showed mycelial form. Only 40% of the isolates from 
non-rhizosphere sand belonged to these groups. Rovira (1956) and Louw 
and Webley (1959) found a rapid increase in the population of the micro­
flora during the initial stage of plant development. The numbers of 
bacteria were low in the rhizosphere soil when the plants were two weeks 
old but increased markedly with age. Sperber and Rovira (1959) found 
that Pseudommonas species constituted a minor group in the rhizosphere 
of subterranean clover and Wimera rye grass. Organisms of variable 
morphology, probably belonging to the genus Arthrobacter, were predomi­
nant on both plants. 
In addition to providing an energy source, root exudates may contain 
specific growth factors for development of particular organisms. West 
and Lochhead (1940) found that microorganisms from the rhizosphere of 
flax and tobacco required thiamin and biotin for development, whereas 
fewer of the isolates farther from the plant root required these growth 
factors. Rovira (1956a, 1956b) also concluded that pea root exudate 
contained a growth factor which was responsible for the stimulation of 
rhizosphere organisms. 
Root substances affecting rhizobial infection 
In addition to energy materials and growth factors supplied by the 
roots of leguminous plants, some substances necessary for root invasion 
may also be secreted. Kefford et al. (i960) suggested that indoleacetic 
acid (IAA) may be involved in nodule initation and that the number of 
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nodules produced in a restricted volume is limited by IAA formed by 
rhizobia from tryptophane in the root secretions. His data indicated 
that IAA was formed equally well by effective and non-effective strains 
of rhizobia in vitro. 
A mechanism for external inhibition of nodulation was proposed by 
Tanner and Anderson (1963) from their study of the effect of combined 
nitrogen on indoleacetic acid formation by rhizobia. Inhibition of 
infection resulted when IAA concentrations dropped to a certain level. 
Indoleacetic acid was destroyed by reaction with nitrite which was 
produced through the reduction of nitrate by the rhizobia. Indole­
acetic acid also remained at low levels in the presence of ammonium 
salts, apparently because the ammonium supplied the metabolic needs 
for nitrogen, thereby sparing the tryptophane. These results appear 
to indicate that the secretion of tryptophane and its conversion to 
IAA by the rhizobia may be of significance in the mechanism of nodule 
formation. 
Ljunggren and Fahraeus (1961) observed a role of polygalacturonase 
in the infection process. In response to the polysaccharide produced 
by the rhizobia, the legume root produced significant amounts of 
polygalacturonase. This response was found only with infective rhizobial 
strains. Addition of nitrate appeared to inhibit polygalacturonase 
production by the plants. 
I 
Kamata (1962) observed that variation of nodule-forming ability 
of Rh. japonicum was affected by the phosphate requirement of the rhizobial 
strain. . Strain TODAI No. 53 had a.higher phosphate requirement than strain 
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TODAI 56. Strain 56 formed nodules on many soybean varieties including 
Norin No. 1, while strain 53 formed nodules on soybean varieties except 
Norin No. 1. Norin No. 1 had a lower phosphate concentration than the 
other genetically related varieties. 
It seems possible that variation in effectiveness could be due to 
the nature and amount of substances produced by the plant which affects 
nodule activity. Boyes and Bond (1942) showed that strain 17 produced 
9.6 milligrams of nitrogen per plant on Manchu and 31 milligrams of N 
per plant with Black 0 soybeans. Variation between rhizobial strains 
also existed. Strain 505 fixed large amounts of nitrogen with 4 
different soybean varieties, while strain 507 fixed practically no 
nitrogen on any of the 4 varieties. The exact causes of these variations 
have not yet been worked out. 
Microbial antagonism and bacteriophage 
Successful nodulation of a legume depends not only on the ability of 
the rhizobium to infect and form effective nodules, but also on its 
ability to survive in adequate numbers to cause infection. Some investi­
gations have been carried out on the influence of antibiotics and 
bacteriophage on the survival of rhizobia in soil. 
Hely et al, (1957) concluded that failure of clover inoculation 
was due to microbial antagonism which prevented the establishment of the 
rhizobia from inoculum. Yarrowyck soil possessed an inhibitory agent 
which prevented the normal multiplication of nodule bacteria in the 
rhizosphere of the host plant. It was suggested that colonization of 
other microorganisms in the rhizosphere of subterranean clover prevented 
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the multiplication of nodule bacteria. 
Harris (1954) studied the competition between effective and 
ineffective strains of Rh. trifolii on subterranean clover. Two 
effective strains (A and C) and two ineffective strains (X and Y) were 
inoculated on subterranean clover alone and with one another in all 
possible combinations. The ineffective strains produced no signifi­
cant effect on Strain C or on AC, but marked reduction in dry weight 
resulted when ineffective strains X or Y were combined with effective 
strain A in greenhouse conditions. Under field conditions, more 
variability was obtained in the results. 
Recent studies on the action of bacteriophage on rhizobial strains 
have been reported, Kleczkowska (1957) and Staniewski et ^ 1. (1962). 
Kleczkowska isolated rhizobia bacteriophage from the rhizosphere of 
clover plants, but no phages were recovered from soils where no clover 
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or other legumes had been previously grown. Phages from white clover 
and pea rhizobia did not lyse alfalfa, lupine or soybean bacteria, 
indicating the specificity of the phages. 
Staniewski et al. (1962) studied the susceptibility of 44 rhizobial 
strains to 88 strains of bacteriophage. Phages isolated from Rh. 
japonicum and Rh. phaseoli were able to lyse a wide range of rhizobial 
strains. 
The establishment of a particular strain of rhizobia in the nodules 
of a leguminous plant is an extremely complex biological phenomenon. The 
phenomena of antagonism, antibiotic effect, bacteriophage, and other 
chemical and physical factors are extremely effective in the rhizosphere 
i 
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Allen and Allen, 1950). The establishment of a particularly desirable 
strain of rhizobia in the nodules of a legume in the presence of other 
compatible rhizobia is a much more difficult procedure than the estab-
.lishment of a strain of rhizobia in a situation where the soil is free 
from other compatible rhizobia. 
Effect of pH 
With legumes adapted in the temperate zones the nitrogen-fixing 
ability generally appears to be optimum at' a reaction near neutrality. 
The pH relationship varies with plant species (Wilson, 1940). 
Wright (1925b) divided 8 strains of bacteria into two types : (A) 
those which had a critical pH at 4.5 with an optimum at 5.8, (B) those 
which had a critical pH at 4.1 with an optimum above 5.5. Stevens (1925) 
studied the effect of acidity on alfalfa and sweet clover strains.. An 
acid-resistant strain was found to grow best at pH 6.5, while acid-
sensitive strains grew equally well at pH 6.5 to 9.0. 
• Host genetics 
Varietal differences in nodulation with soybean varieties was 
described by Voorhees (1915). Nodules on the Mikado variety were numer­
ous, spreading around the tap root in a close-packed mass. The Tarheel 
Black had a few larger nodules scattered on the finer roots as far as 
eight to twelve inches from the tap root. No nodules were found on the 
Haberlandt variety. Voorhees (1915) stated that different varieties of 
soybeans had different and definite powers of resistance to association 
with symbiotic bacteria. Erdman and Wilkins (1928) reported similar 
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results indicating that plants have selective power for the symbiont. 
Helz eit al. (1927) were the first to show that the host species within 
a cross-inoculâtion group varied in their symbiotic responses. Wilson 
et al. (1937) demonstrated variations in the amount of fixed nitrogen 
by different varieties of hosts associated with the same strain of 
rhizobia. These differences were attributed to the hereditary properties 
in the host. Carroll (1934a) theorized that the leguminous plant produced 
an enzyme which enabled it to select, and entrap and use the particular 
form of organic nitrogen contained in its symbiont. Employing the 
precipitin test, Carroll (1934a, 1934b) examined the cowpea-soybean 
cross-inoculation group and found a close protein "kinship" among the 
Crotalaria and cowpea in most cases. The precipitation reaction was 
slight or none when 4 Crotalaria species were tested against Crotalaria 
mundvii and cowpea antisera. There was little or no protein kinship 
between Crotalaria and field pea or alsike clover. These precipitin 
results are of limited value because 15 Crotalaria species were tested 
against 1 antiserum, which was developed from a seed infusion of 
Ç. mundvii. 
A most interesting mutant soybean which is resistant to rhizobial 
infection was described by Lynch and Sears (1952) and Williams and Lynch 
(1954). Studies of the nodulation of the F^, Fg, and F3 generations 
from crosses between the resistant mutant and the susceptible sister 
strain of soybean indicated that the resistant characteristic was 
controlled by a single recessive gene. Clark (1957) investigated 
some factors affecting the nodulation response of the nodulating and 
17 
non-riodulating soybean lines. Eighty strains of rhizobia were used to 
inoculate both soybeans in soil and sand cultures. Rhizobia were 
recovered in approximately equal quantities from roots of both lines 
in field and greenhouse. Total bacterial numbers per gram of root 
were higher on the nodulating than on the non-nodulating roots in both 
field and greenhouse. No differences were found in the amino acid 
and ascorbic acid content of the two lines. A few rhizobial cultures 
were discovered which infected the non-nodulating soybean in sand 
cultures. The importance of substrate and inoculant selection was 
pointed out for successful nodulation of the non-nodulating plant. 
When non-nodulating tops were grafted onto nodulating roots, nodulation 
was obtained. When nodulating tops were grafted onto non-nodulating 
roots, no nodulation was obtained. Nutman (1946) obtained similar 
results with red clover. 
In his excellent review, Nutman (1956) indicated that host 
resistance to infection by bacteria isolated from other species was 
widespread, but few examples of resistance appeared to depend upon the 
bacterial strain. It was also concluded that the infectiveness and 
effectiveness of a strain depended upon the interaction of the factors 
in the bacteria and the plant. 
In the study reported in this thesis, investigations were made on 
the distribution of serological strains of soybean rhizobia in various 
soils in Iowa. Some effects of the host were measured as well as studies 
indicating that the soil characteristics may affect the strain of 
rhizobia which infect the soybean. 
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MATERIALS AND METHODS 
Materials 
Pure cultures 
Seven strains of Rhizobium japonicum of the b group, 3, 31, 71A, 
110, 117, 123, and 135, were used in this study. The pure cultures 
were obtained from Dr. H. ¥. Johnson'*'. 
Bacterial culture media 
Yea s t-mannito1 agar and broth media, as formulated by Wright (1925a), 
2 
were used with slight modification. Only 0.1% of yeast extract was 
used in both media. 
Soybean seeds 
Seeds of various soybean varieties were obtained from Dr. C. R. Weber^. 
Supporting substrate 
A mixture of one part washed river^ sand and one part commercial 
Ottawa-* silica sand was used in all experiments involving plants. 
•*"Dr. H. W. Johnson, Crops Research Division, ARS, USDA, Beltsville, 
Maryland. 
o 
Difco Laboratories, Detroit, Michigan. 
O 
Dr. C. R. Weber, Agronomy Department, I. S. U., Ames, Iowa. 
^Roberson Bros. Ready Mix Concrete, Ames, Iowa. 
^Ottawa Silica Company, Ottawa, Illinois. 
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Nutrient solution 
The nutrient solution used in all experiments was Bond's modified 
Crone's solution (Allen 1959). 
Chemical reagents 
All chemical reagents were of reagent grade. 
Standard antigens 
Seven strains of Khizobium japonicum 3, 31, 71A, 110, 117, 123 and 
135, were used as whole cell for the development of immune sera. 
Antisera 
All antisera which were used were developed in this laboratory 
during the course of this study. Immune sera were developed by 
injecting antigens intravenously into rabbits. 
Soils 
The field phase of this study was mainly carried on at the three 
following major locations, unless otherwise specified: (a) Old Agronomy 
Farm-*-, (b) New Agronomy Farm^, and (c) a private farm\ The soil types 
and cropping sequence of these locations were as follows: 
^Agronomy farms, Iowa State University, Ames, Iowa. 
2 Agronomy farms, Iowa State University, Ames, Iowa. 
3 Private farm, six miles west of Ames, Iowa. 
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Location Field No. Soil type Cropping sequence 
a 4 Nicollet loam Since 1957, continuous soybean 
1 Clarion loam Since 1915, continuous corn 
3 Clarion clay loam Since 1957, continuous soybean 
2 Webster clay loam Since 1953, continuous corn 
5 Colo clay loam Rotation, 1961 corn 
6 Harpster silty clay Rotation, 1961 soybean 
loam 
b 7 Nicollet loam Rotation, 1962 corn 
c 8 A soil toposequence Rotation, 1962 corn 
For the greenhouse and laboratory experiments, bulk soil samples 
from a Clarion sandy loam, Harpster loam, and undisturbed samples from 
a Clarion loam were used from location a. Bulk soil samples from different 
sites of a toposequence also were obtained for laboratory studies. 
Survey of rhizobial strains from some soil association areas of Iowa 
During the summer of 1963, soybean nodules were collected from 
various fields located in four soil association areas: Clarion-Webster, 
i 
Marshall, Shelby-Sharpsburg-Winterset, and Tama-Muscatine (Simonson et al., 
1952). From representative plant samples from each field, four plants 
were selected randomly and six randomly selected nodules from each plant 
were serotyped. 
Methods 
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Survey of rhizobial serogroups from different soil types 
Four different soybean genotypes, Hawkeye, T202, Glycine gracilis 
and Gj_ ussuriensis were planted in two replicates (5 foot rows) on six 
soil types. Six weeks after planting, four plants from each replicate 
were harvested for their nodules. Six nodules were selected randomly 
from each plant and used for serological typing. Thus, a total of 
288 nodules were serotyped for each soybean variety when it was grown 
on six soil types during 1962 and 240 nodules when it was planted on 
five soil types during 1963 season. 
Distribution of rhizobial serogroups in za soil toposequence 
A soil toposequence with two to eight per cent slope was chosen for 
this study in location (c). This field was about ten miles north east 
of location (a). The sequence graded from a light brown Clarion loam 
on the top to a high-lime alkali black Harpster silty clay loam in the 
bottom. The field had not been limed since 1959; it was under corn in 
1962 and planted to Ford soybeans in 1963. The seed had been inoculated 
with a commercial inoculum. At intervals of 30 feet, 16 sites were 
chosen within an area of three successive soybean rows. From eâch site 
0-6" deep soil samples were taken for pH determination, four plants were 
harvested for their nodules, and six nodules from each plant were selected 
randomly for serological differentiation. 
Selectivity of host genotype for rhizobial strains 
Twenty soybean varieties (Table 5), representing a wide range of 
genotypes and areas of adaptation were planted in 20-foot rows on a 
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Webster silty clay loam (1962) and on a Nicollet loam (1963). After 
five weeks, six plants from each variety were harvested for their nodules ; 
six nodules from each plant were selected randomly and were used for 
serological typing. The 1962 and 1963 experimental sites were at the 
Old and New Agronomy Farms, respectively. 
Fifteen varieties from those planted in the field also were grown 
in undisturbed soil samples (Figure 1). These samples were obtained 
from a eroded Clarion soil low in organic matter content from location a. 
They were obtained by inserting one quart fruit cans opened from both 
ends into the soil. The cans were sealed in polyethylene bags to reduce 
contamination and moisture loss. The cans were placed in the center of 
sterilized 12" crock pots containing a one-inch layer of pebbles. To 
eliminate contamination from the bottom of the assembly sterilized 
silica sand was placed between the walls of the two containers and a 
glass tube was placed between the two containers for irrigation. All 
exposed surfaces of the assembly were covered by a one-inch layer of 
sterilized pebbles. Plants were irrigated through a glass tube inserted 
into the center Of each pot to a depth of about three inches. 
Effect of soil pH on rhizobial serogroups 
Greenhouse experiment Bulk soil samples from the high-lime 
Harpster soil (pH 8.3), and Clarion soil (pH 5.9) were obtained during 
September 1962. Glazed crocks of one-gallon capacity were filled with 
these soils. Twelve pots from Harpster and the same number from Clarion 
were treated with 0.1 N H^ BO^  and pure CaCOg, respectively. The pots 
were covered and incubated under shade in a greenhouse. Thirty ppm of 
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Figure 1. An undisturbed soil sample assembly for identification 
of native rhizobial serogroups. The pot on the left 
shows a complete assembly without plants, and the one 
on the right with three soybean plants 
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CaCOg were found to be enough to raise the pH of Clarion to 8.1 and the 
addition of 750 ml of acid in three portions was enough to lower the pH 
of Harpster to 6.8. The final pH measurements were made after two 
weeks of incubation. 
Four soybean varieties, Hawkeye, Lincoln, Harosoy, and G. ussuriensis, 
were planted in triplicate crocks for both the treated and the untreated 
soils. The controls were planted in crocks which had been autoclaved 
for six hours. After germination the number of plants was thinned to 
three in each pot. After five weeks the plants were harvested for their 
nodules. Nine nodules were selected randomly from each plant and were 
serotyped. 
Two parallel experiments were conducted in the laboratory using 
soil substrate (b) and yeast-mannitol broth (c). 
Soil substrate Twenty-five grams (oven dry bases) of soil with 
various pH values from eight different sites from a toposequence (location 
c) were placed in 200 ml bottle jars. After six hours of autoclaving 
on two successive days, four to six ml of sterile distilled water were 
added to the soils to raise the moisture content to approximately field 
capacity. After two days of additional incubation the soils were auto-
claved for an additional six hours. Duplicate jars were inoculated 
asceptically with strains 123 and 135, separately. The soil in the jars 
was gently shaken by hand to insure a uniform mixture of soil and inoculum. 
After two weeks of incubation at 27°C, plate counts for rhizobial strains 
were made. Mechanical shaking for ten minutes plus a soil-dispersing 
agent (Damirgi et al., 1961) were used in the preparation of the first 
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soil dilution. The initial dilution (1:5) was prepared by adding 75 ml 
of 0.2% NaCl plus 0.05% NagCO^  to soil samples. The subsequent dilutions 
were made using 0.5% NaCl solution. 
Yeast-mannitol broth substrate Yeast-mannitol broth cultures of 
different pH were used in this experiment. The acidities were adjusted 
by the addition of the following indicated reagents to 50 ml of either 
complete or incomplete (without K^ HPO^ ) yeast-mannitol broth. 
Reagents added to 50 ml of broth culture Adjusted pH 
1. Complete broth culture, no reagents added 7.3 
2. Incomplete broth culture, without K2HPO4 6.5 
3. 1 + 3.5 ml 0.1 N HC1 4.0 
4. 2+10 ml 0.025 M KH2PO4 + 0.2 ml 0.1 N HC1 5.0 
5. 1+10 ml .025 M KH2PO4 5.5 
6. 1 + 0.5 ml 0.1 N HC1 6.5 
7. 1 + 5.0 ml 0.025 M K2HPO4 + 0.5 ml 0.1 N NaOH 8.0 
8. 1 + 0.5 ml KH2PO4 + 1.0 ml 0.1 N NaOH 8.5 
9. 1 + 5.0 ml K2HPO4 + 1.0 ml 0.1 N NaOH 9.0 
Screw capped test tubes (16 x 100 mm) containing 6.9 ml of the broth 
cultures were aùtoclaved. After cooling, 0.1 ml of rhizobial suspension 
from either strain 123 or 135 was placed in duplicate tubes. Inoculated 
and non-inoculated control test tubes were placed on a shaker for 48 
hours. Plate counts were made 72 hours after inoculation. 
Selectivity of host genotype for rhizobial strains in sterile system 
Bottomless bottle technique One quart bottomless bottles as 
described by Leonard (1943) and modified by Date and Vincent (1962) were 
used in this experiment. Thoroughly washed sand, as plant substrate, 
was used to fill the inverted bottle to within 1.5" of the top. A wick 
made of absorbant cotton was inserted through the mouth of the bottle 
26 
prior to filling it with sand. The inverted bottle was supported by a 
wide-mouth quart jar which was two-thirds filled with nutrient solution. 
After moistening the sand with nutrient solution, the open end of the 
bottle and the junction between the bottle and the jar were covered with 
aluminum foil. The assembly, then, was sterilized. 
In each pot three soybean varieties Hawkeye (1), Harosoy (2), and 
G. ussuriensis (3) were planted. The locations of the planted seeds 
were marked 1, 2 and 3, on the wall of the bottle designating each variety. 
Two days after the seedlings emerged, triplicate pots were inoculated 
with either strain 3, 31, 123 or 135. The inoculum consisted of. one ml 
of bacterial suspension in physiological saline and was placed on the 
surface of the sand at the center of the pots. After inoculation, the 
aluminum foil was removed and sterile 0.5" pebbles were added to the 
surface of the pots in order to minimize surface contamination. The 
control pots were inoculated with qne ml of sterile physiological saline 
solution. 
All inocula in this and other similar experiments of this study, 
were from five days old bacterial growth on yeast-mannitol-agar slopes, 
except for strain 135, which was a slow grower. The inoculum for 
strain 135 was obtained by shaking an inoculated yeast-mannitol-broth 
culture for 48 hours. 
Plants were harvested after five weeks of growth in a plant growth 
chamber. The nodules were tested serologically. Dry weight and total 
nitrogen of the tops were determined. 
Sand tube technique This technique was first used by Ham (1963) 
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for growing alfalfa seedling. Test tubes (1.5 x 6") were used as 
plant containers. A piece of glass tubing (4 mm diameter) was placed 
along the inside edge of the test tube. One and one-half inches of 
0.5"-sized pebbles were placed in the bottom of the tube. A cotton 
wick was placed between the glass tubing and the pebbles so that 
contact could be maintained between the lower and upper contents of 
the assembly. The surface of the pebbles was covered with a thin 
layer of cotton in order to support a 2.5" thick sand column which was 
placed on the top of the pebble layer. The nutrient solution was 
added through the glass tube until the lower pebble portion of the 
test tube was filled with liquid. The sand was moistened, the 
assembly was cotton plugged, and autoclaved for 1.5 hours. 
Three experiments were conducted employing sand tube technique. 
Effect of the proportion of rhizobial strains in the inoculum 
on their infectivity A surface sterilized seed of Hawkeye was planted 
in each tube. Two days after seedling emergence, triplicate tubes were 
inoculated with one ml of inoculum having the following combinations : 
Strains of Number of viable Ratio of mixed 
rhizobia cells/ml of inoculum inoculum 
million 
3 134 
123 150 
3 + 123 142 1:1 
3 + 123 149 1:10 
3 + 123 136 10:1 
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Number of viable cells in the pure inocula were determined by plate 
counts. Mixed inocula were prepared by pooling 10 + 10 ml, 1+10 ml 
and 10 + 1 ml from inocula 3 and 123. Number of cells in the mixed 
iinocula were calculated from the ratio of mixtures. After five weeks 
the plants were harvested and six nodules per plant (tube) were serotyped. 
Infectiveness of different strains on soybean varieties 
Employing the sand tube technique five soybean varieties, Hawkeye, T201, 
T202, Harosoy and G. ussuriensis were planted as in Experiment No. 1. 
Seedlings were inoculated with strains 3, 31, and 123 separately in 
five replicates. After four weeks the plants were observed for nitrogen 
deficiency symptoms and for nodule formation. If present, three nodules 
from each pot were serotyped. 
Rhizoplane and rhizobial population A study was conducted 
to evaluate the effect of soybean rhizoplane on rhizobial population. 
The plant containers were as in experiments 1 and 2. In this experiment 
two-day old Hawkeye seedlings were inoculated with one ml of strain 123, 
from which plate counts were made to determine the number of viable cells 
present in the inoculum. The following procedure was used to obtain 
rhizobial dilutions from the root system: The whole seedling and sand 
were removed from the test tube and the roots were shaken carefully to 
remove a maximum amount of adhering sand particles. The roots were cut 
off with a sterilized scissors and placed in a wide mouth 50 ml bottle 
containing 25 ml of physiological saline solution. After five minutes 
of hard shaking, serial ten fold dilutions were prepared and plate 
counts were made from appropriate dilutions. Rhizoplane counts from 
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three replicates were made one hour, three, six and nine days after 
inoculation. 
Competition between rhizobial strains 
To study the competition of different strains for infectiveness 
and effectiveness in the rhizosphere, surface sterilized Harosoy seeds 
were planted alone in each tube. When seedlings were two days old, 
triplicate tubes were inoculated with one ml of inoculum which had the 
following constituents: 
Strains of Number of viable Ratio of mixed 
rhizobia cells/ml of inoculum inoculum 
million 
3 205 
31 230 
123 280 
3 + 3 1  2 1 8  1 : 1  
31 +123 250 1:1 
3 + 31 + 123 238 1:1:1 
Plate counts were used for the determination of number of viable 
cells in the three pure cultures. For the mixed inocula equal volumes 
of the appropriate pure cultures were pooled and one ml of this was 
used. The control tubes were inoculated with one ml of sterilized 
0.86% NaCl solution. The tubes were placed in a growth chamber. After 
five weeks the top of the plants were harvested for weight of dry matter 
and total nitrogen. The roots were harvested for their nodules; six 
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nodules from each plant or a total of 18 nodules from each pot were 
serotyped. 
Antisera production 
Preparation of antigen for injection Suspensions of the 
rhizobial strains were employed for active immunization of rabbits. 
Bacterial growth was obtained in four ounce medicine bottles on 
yeast-mannitol-agar slopes as described by Vincent (1941). The whole 
cell antigen for injecting into the animal was prepared by washing off 
the bacterial growth with sterile glass beads and 0.86% saline solution. 
The bacterial suspensions were adjusted by addition of saline so that 
the turbidities were between tube No. 1 and No. 2 of McFarland's 
nephelometer (Stafseth (2t al., 1961). 
Immunization schedule The antigen preparations were injected 
intravenously into the ear of a rabbit in four increasing daily doses. 
The following schedule for injection, generally, was found to be adequate: 
1st day 1 ml rhizobial suspension 
2nd day 2 ml rhizobial suspension 
3rd day 3 ml rhizobial suspension 
4th day 3.5 ml rhizobial suspension 
Six days after the last injection a small sample of blood was 
collected from the ear of each animal into suitable vials. After sepa­
ration of serum from the blood, the titre of each serum was checked 
against homologous antigen. All sera gave a high titre (3200 or above) 
except the serum from animals immunized against strain 135 which gave 
a low titre (200). Three additional booster injections of two, two and 
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three ml raised the strain 135 titre to 400. Three days after the titre 
had been tested, the rabbits were killed for their blood, sera separated 
according to Vincent (1941), and preserved with 0.5% phenol. 
Total nitrogen of plant material 
The micro-Kjeldahl method was used in this study to determine total 
nitrogen in plant materials. The catalytic mixture as described by 
Bremner (1960) were used. A 0.1 to 0.2 gram sample of plant materials 
was digested in 100 ml volumetric flask on a hot plate for 3.5 hours. 
pH determinations of soil samples 
Soil pH was determined for all soil samples by using a Model H2 
Beckman Glass Electrode pH meter. Ratio of soil to water used was 1:2.5. 
Preservation of nodules 
Nodules attached to the roots were stored in a deep freezer until 
serotyped. Porter (1955) isolated viable rhizobia from frozen nodules 
which had been stored for one year. 
Sterilization of seeds 
Soybean seeds were sterilized by soaking the seeds for one minute 
in Chlorox, followed by three minutes in 95% ethanol, and then washed 
thoroughly with sterile distilled water. 
Development of a quick serotyping method 
The majority of the experiments of this study required the identi­
fication, "serogrouping", of bacterial strains from nodules of soybean 
plants. It was realized that single isolations from individual nodules, 
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and successive transfers to various media for purity testing and 
eliminating of the contamination are not easily and accurately possible. 
In such a procedure, after several transfers, one type of contaminant 
organism may predominate the isolated pure culture and will eventually 
constitute the entire cell population of the culture. Following the 
prescribed procedure, at least 10 to 14 days are required to obtain a 
pure culture "antigen" for agglutination test. 
Since the homogenized nodule suspensions contain the specific strains 
which initiated nodule formation, a direct cross agglutination reaction 
with nodule juice was carried on against all available antisera. Sero-
grouping of individual nodules was made as follows: 
a. A medium sized nodule, washed to remove adhering soil particles 
from the surface, was placed in a ten ml culture tube containing two to 
three ml of physiological saline solution and then crushed to obtain a 
homogeneous nodule suspension. 
b. The tubes were cotton plugged and then they were heated in a 
water bath for 30 minutes to remove flagellar antigens if present. 
Heating of the nodule suspensions was found to be necessary because 
of the heterogeneity of bacteria in the nodules. Jordan (1962) indicated 
that bacterial suspensions from crushed nodule of Trifolium subterraneum 
contained small rods and bacteroids. 
c. The tubes were allowed to stand at room temperature for about 
30 minutes to allow the settling of a large portion of coarse cellular 
plant materials from the nodule suspension. 
d. Four drops of the supernatant were placed in disposable plastic 
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depression plates containing one drop of l/lO antisera dilution (titre 
of antisera above 1/3200). The plates were then rotated carefully to 
bring about through mixing of antisera and antigens. 
e. After incubation of the plates in a water bath for 2.5 hours 
typical agglutination reaction were characterized by a very clear 
supernatant and a fine cottony agglutinated bacterial precipitate in 
the bottom of the depression plates. The positive and negative reactions 
were compared with a set of controls for each of the nodule suspensions. 
For the controls one drop of physiological saline was used instead of 
antisera. 
A comparison was made between this method and that in which antigen 
is obtained by routine isolation of pure rhizobial strains. Single 
isolates from 48 nodules of Hawkeye and 48 nodules of T202 were made. 
The same nodules from which isolates were made were crushed for their 
suspension. Cross agglutination tests against three antisera were made 
using both nodule suspension and the pure bacterial isolates as antigens. 
The tests showed from 96 to 97% parallel positive agreement. The cross 
agglutination reactions for 24 nodules from the variety Hawkeye are shown 
in Table 1. Parallel positive and negative reaction, with both antigens, 
of the same source were clear cut for 22 nodules. The results of the 
crushed nodule suspension of No. 3 and 15 were not in agreement with the 
results obtained with the pure bacterial isolates. This might be due to 
insufficient antigenic substances in the suspension, or the nodule 
suspensions were insufficiently homogenized. 
Concerning the concentration of the nodule suspension, different 
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trials indicated that a turbidity between tube No. 3 and 4 of McFarland 
nephelometer was sufficient to give agglutination reaction with 
homologenous antiserum in a final dilution of l/50. Figures 2 and 3 
show a detailed cross-agglutination test set-up in which 100% of nodules 
gave positive results with antisera 135. 
Table 1. A comparison between cross-agglutination tests for soybean nodule bacteria 
employing nodule suspension (N) or its single isolate (G) as sources of antigens 
Antigen 
nodule number 
Antisera Antigen 1 2_ 8 9 10 11 12 
N 
31 ++-
N 
123 
N ++ -H- 44- -H- l - l  I  
Table 1. (Continued) 
Antigen 
nodule number 
Antisera Antigen 13 14 15 16 17 18 19 20 21 22 23 24 
3 C - - -
N - -
31 C ++ 
N - - -
123 C 44- -
N 44-
C = Antigen from pure isolated culture. 
N = Antigen from nodule suspension. 
4--H- = Definite agglutinated precipitate with a very clear supernatant. 
44- = Definite agglutinated precipitate with a clear supernatant, 
t = Proportionally weaker agglutination reaction. 
- = Negative agglutination reaction. 
Figure 2. Gross-agglutination reactions between 7 antisera and 24 nodule 
suspensions (Rh. japonicum) from G. gracilis grown on a 
Harpster soil (pH 8.3) 
•^j H 
H 
•H H 
HH H 
1 I 
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Figure 3. A close-up view of nodule No. 9 and 10 of Figure 1., showing 
characteristic positive agglutination reactions with antiserum 
135 (top row) and negative reactions with antisera 71A and 110 
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RESULTS AND DISCUSSION 
Survey of Rhizobial Serogroups From Different 
Soil Association Areas of Iowa 
The percentages of different serogroups from various fields of four 
major areas are shown in Figures 4, 5, 6, and 7. As shown in Figure 4, 
nodules from Harpster fields in the Clarion-Webster association areas 
gave from 71% to 96% positive results with antiserum 135. This sero-
group also was identified from Storden and Waukegan (O'Neill) soils. 
From the two Webster soils 100% of the nodules tested gave positive 
results with antiserum 123. Five different serogroups were identified 
from a Clarion soil (pH 6.5) in which the strain 31 was predominant. 
Although serogroups 3, 31, and 123 were present in all areas of 
the state which were tested, the frequency of these serotypes varied 
among various soil types. The serogroup 135 was not identified from 
the three different soil types from the Marshall soil association area 
(Figure 5.). From two Marshall soil types the percent of serogroups 
obtained were about the same qualitatively and quantitatively. From 
the other two Marshall soils,in addition to serogroups 3, 31 and 123, 
12.5% of nodules from each soil serotyped either 110 or 117. From the 
Shelby soils, which are commonly subject to erosion when cultivated, 
the percent of different serogroups were extremely variable; one of the 
fields contained 16.6% serogroup 117. 
In Figure 6. it is shown that serogroup 135 was not recovered from 
any of the 12 fields surveyed in south central Iowa. From the two Nodaway 
soils, both with pH 7.6, an average of 12.5 and 74.8 and 6.2% of the 
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nodules serotyped 3, 123, and 117, respectively. On the two Gara soils, 
70.8% and 95.8% of the nodules serotyped strain 123 and the others were 
negative with all of the available antisera. The greatest variation 
existed between the two Winterset soils. The nodules from the Winterset 
soil with a pH of 5.8 serotyped 45.8% strain 31 whereas nodules from 
the soil at pH 6.8 only contained 8.3% strain 31. From all Sharpsburg 
soils serogroups 3, 31, and 123 were recovered, except that serogroup 
31 was absent from one of the soils. 
Figure 7. presents the percent of serological groups in Tama, 
Muscatine and Fayette soil association area of Iowa. The specific soil 
types of different fields were not identified. Serogroup 135 only was 
present in the two most alkaline soils (No. 9 and 10). Serogroup 123 
was recovered from all soils; it made up 100% in soil No. 8 and 95% in 
soil No. 1. Sero group S^  was recovered from only four soils. 
Survey of Rhizobial Serogroups From Different Soil Types 
The data summarized in Table 2., represent the effect of different 
/ 
soil types on Bh. japonicum serogroups of nodules. On Harpster soil 
(pH 8.3) serogroup 135 made up about 97% of the nodules. None of the 
other soils showed any strain 135. On Clarion soils 40% and 57% of the 
nodules tested positive with antiserum 123, whereas nodules from Colo 
and Webster (b, d) gave 76.3%, 78.6% and 90.6% positive reactions with 
antiserum 123, respectively. For serogroup 31 the highest percent was 
obtained from Clarion (a) under continuous corn since 1915, and it was 
not obtained from Webster (d) under continuous soybeans since 1957, nor 
from Harpster soil. Serogroup 3 made up about 29% and 32% from Clarion 
Figure 4. Percent distribution of Eh. japonicum serogroups from the 
nodules of various soybean varieties grown on different soil 
types in Clarion-Webster soil association area 
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Figure 5. Percent distribution of JRh. japonicum serogroups from the 
nodules of various soybean varieties grown on different soil 
types in Marshall soil association area 
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Figure 6. Percent distribution of Rh. japonicum serogroups from the 
nodules of various soybean varieties grown on different soil 
types on Shelby-Sharpsburg-Winterset soil association area 
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Figure 7. Percent distribution of Rh. japonicum serogroups from the 
nodules of various soybean varieties grown on different soil 
types on Tama-Muscatine soil association area 
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(a) and (c) soils, respectively. Results from the two different years 
with serogroup 3 in Clarion (c) showed a wide variation (Appendix, 
Table 18). The number of nodules of serogroups 71A, 110, and 117 were 
extremely low, and were not found in some soils. These results indicate 
that the complex of soil factors had a significant effect on the 
establishment, competitiveness and infectivity of different Rh. 
japonicum serogroups. 
Table 2. Serological groups of Rh. japonicum from nodules of four 
soybean genotypes grown on six different soil sites for 
two years 
Soil type and Percent in serological groups 
cropping sequence 3 31 123 135 
a. Clarion 
cont. corn, since 1915 28.7 14.2 40.1 00 
b. Webster 
cont. corn, since 1953 6.0 4.4 78.6 00 
c. Clarion 
cont. soybean, since 1957 31.8 2.6 57.5 00 
d. Webster* 
cont. soybean since 1957 2.0 00 90.6 00 
e. Colo, rotation, 
1961 corn, 1962, soybean 4.9 8.4 76.4 00 
f. Harpster, rotation*, 
1961 soybean, 1962 soybean 00 00 1.0 96.88 
R^esults of one year. 
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Comparing the results of two successive years (Appendix Table 18.), 
from Clarion and Webster after continuous corn, and Colo after rotation 
there were about 11%, 6% and 24% reduction in the number of nodules of 
serogroup 123, respectively, in 1963. This reduction was accompanied 
by an increase in the number of serogroup 31. These changes in Rh. 
japonicum serogroups probably are affected by the total microbial 
population which also is affected by the chemical and physical factors 
of different soils. Some serogroups presumably do not have a narrow 
environmental preference. Serogroup 123 seems to be more tolerant to 
most of these factors. 
Effect of cropping sequences on rhizobial serogroup 
The predominancy and infectivity of different serogroups as recovered 
by a particular host genotype, T202, was influenced by soil type and 
previous cropping sequences (Table 3.). A higher percent of serogroup 
31 was found when soybeans followed com. Variation in cropping history 
on Clarion appeared to be a factor which influenced the predominancy of 
a particular strain as well as its competitiveness to infect. 
Under similar crops soils themselves also may exert an influence on 
strain selection as indicated by the abundance of serogroup 3 in Clarion 
soils and its absence in Harpster. Quantitative differences also may 
be influenced by soil type, since serogroup 123 was present in 83% of 
the nodules from Colo, whereas there was about 49% in Clarion under 
continuous corn, and 4.1% in Harpster. 
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Table 3. Serological groups of Rh. iaponicum from soybean variety T202 
planted in five different soil sites for two years 
Soil type and Percent in serological groups 
cropping sequence 3 31 123 
a. Clarion 
cont. corn since 1915 31.7 6.2 48.9 
b. Webster 
cont. corn since 1953 8.3. 7.2 69.7 
c. Clarion 
cont. soybean since 1957 27.0 1.0 67.7 
d. Colo, rotation, 
1961 corn, 1962 soybean 1.0 9.3 83.1 
e. Harpster*, rotation, 
1961 and 1962 soybean 00 0 4.1 
Average (all soils) 13.6 4.7 54.7 
*Resuits of 1962 only. In 1963 97.9% of the nodules gave positive 
reaction with antiserum 135. 
Selectivity of Host Genotype for Rhizobial Serogroups 
The data in Table 4. are averages of six different soil sites and 
of two years. Each soybean genotype selected rhizobial serogroups in 
different proportions. The data give the percent of positive reactions 
for each serogroup based on 240 nodules tested from 48 plants in each 
year. Serogroup 123 made up 60.4%, 58.5%, 50.0% and 52.8% from the 
nodules of the varieties G. ussuriensis, T202, Hawkeye and G. gracilis, 
respectively. But, serogroup 123 may not have been present in the same 
proportion in all soils. A slight decrease in percent of serogroup 123 
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and a corresponding increase in serogroup 31 were obtained in 1963. 
Some differences in selectivity were evident when Hawkeye and G. gracilis 
were compared; G. gracilis had 19.6% of its nodules in serogroup 3, 
whereas Hawkeye only had 9.5% in serogroup 3. These differences appeared 
in the results of both years. The varieties Hawkeye and T202 showed no 
particular differences in selectivity for serotypes, which might be due 
to similarity in their genetic constituents; variety Richland is one of 
the ancestors for both varieties. 
Table 4. Serological groups of Rh. japonicum from four soybean varieties 
grown on different soil types 
Soybean varieties Percent in serological groups 
3 31 123 
Hawkeye 1962 
1963 
10.18 
8.82 
1.02 
9.65 
63.13 
52.87 
Average 9.50 5.33 58.00 
T202 1962 
1963 
14.20 
10.42 
2.75 
6.25 
62.80 
54.18 
Average 12.31 4.50 58.49 
G. gracilis 1962 
1963 
23.56 
15.83 
1.73 
12.08 
62.10 
43.75 
Average 19.69 6.90 52.87 
G. ussuriensis 1962 
1963 
7.65 
10.41 
3.65 
6.95 
65.90 
54.83 
Average 9.03 5.28 60.36 
Average (all genotypes) 13.13 ' 5.51 57.44 
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To obtain further information about the selectivity of host genotype 
for different identifiable serogroups, nodules from 20 varieties of 
soybeans grown in field and greenhouse were tested (Tables 5. and 6.). 
Results from both tables show that serogroups 3 and 123 were identified 
from all varieties. The nodules tested from ten varieties grown in 
field did not react with antiserum 31. When six of these varieties 
were grown on undisturbed soil samples in the greenhouse (Table 6.) 
only nodules from two varieties, Lincoln and Viking, did not react with 
antiserum 31. Of the 20 varieties grown in the field, the highest 
proportion of serogroups 123 (82%), 31 (29%), and 3 (50%) were obtained 
from Goldsoy, Hawkeye, and Ford, respectively. 
Under greenhouse conditions, the pattern of selectivity of 15 of 
the soybean genotypes for the same serogroups differed from the field 
results. In the greenhouse, the nodules from varieties Chippewa, Acme 
and Ford had the highest proportion in serogroups 123 (61%), 31 (36%) 
and 3 (75%), respectively. Nodules of Acme, Flambeau, Goldsoy, Mukden, 
Ford, Clark, Viking, Hill and Hood showed higher amounts of serogroup 3 
when grown in the greenhouse than when obtained from the field. 
The variation in results for the two years in the field and 
between the field and greenhouse studies probably was due to the use 
of three different soil types, previous cropping history of the soils, 
and interactions between environmental factors and host genotypes. 
Infectivity, competitiveness and predominancy of a particular strain in 
the rhizosphere could be affected by the complex of soil factors. For 
example, Hely (1957) showed that Yarrowyck soil possessed a microbial 
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Table 5. Serological groups of Rh. japonicum from nodules of twenty 
soybean varieties grown on Webster (1962) and Nicollet (1963) 
soil types 
Soybean variety Year Percent in serological groups 
tested 3 31 123 
Acme 1962 
1963 
29.16 
12.50 
00 
00 
33.33 
75.00 
Average 20.83 00 54.16 
Flambeau 1962 
1963 
16.66 
8.33 
11.11 
16.66 
52.77 
. 75.00 
Average 12.49 13.88 63.88 
Goldsoy 1962 
1963 
16.66 
8.33 
00 
00 
72.91 
91.66 
Average 12.49 00 82.28 
Mandarin 1962 
1963 
13.80 
8.33 
00 
00 
80.55 
62.50 
Average 11.06 00 71.52 
Chippewa 1962 
1963 
18.75 
27.77 
00 
00 
70.83 
44.44 
Average 23.26 00 57.63 
Ontario 1962 
1963 
29.16 00 50.00 
Average 29.16 00 50.00 
Harosoy 1962 
1963 
12.50 
00 
14.58 
00 
50.00 
95.00 
Average 6.25 7.29 72.50 
Richland 1962 
1963 
6.52 
12.50 
00 
00 
75.00 
66.66 
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Table 5.. (continued) 
Soybean variety Year 
tested 
Percent in serological groups 
3 31 123 
Blackhawk 
Hawkeye 
Mukden 
Ford 
Lincoln 
Clark 
Viking 
Bethel 
Average 
1962 
1963 
Average 
1962 
1963 
Average 
1962 
1963 
Average 
1962 
1963 
Average 
i 
1962 
1963 
Average 
1962 
1963 
Average 
1962 
1963 
Average 
1962 
1963 
9.51 
4.16 
4.16 
16.66 
16.66 
12.76 
12.50 
12.63 
50.00 
50.00 
41.66 
33.33 
37.49 
2.08 
57.14 
28.61 
27.77 
27.77 
2.08 
16.66 
00 
25.00 
25.00 
29.16 
29.16 
00 
8.33 
4.16 
16.66 
16.66 
00 
00 
00 
00 
9.52 
4.76 
00 
00 
00 
00 
70.83 
41.66 
41.66 
50.00 
50.00 
51.16 
75.00 
63.03 
29.16 
29.16 
45.83 
50.00 
47.91 
12.50 
28.57 
20.53 
61.11 
61.11 
12.50 
58.33 
Average 9.37 00 35.41 
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Table 5. (continued) 
Soybean variety Year Percent in serological groups 
tested 3 31 123 
Hill 1962 6.25 8. 33 39. 58 
1963 -  -  - - -• -
Average 6.25 8. 33 39. 58 
Hood 1962 12.50 00 16. 66 
1963 - -  - • - • -
Average 12.50 00 16. 66 
Fc 34195 1962 4.16 00 22. 91 
1963 8.33 12. 50 62. 50 
Average 6.25 6.25 42. 70 
G. ussuriensis 1962 ™ — 
1963 20.83 25. 00 45. 83 
Average 20.83 25. 00 45. 83 
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Table 6. Percent serological groups of Rh. japonicum from fifteen soybean 
varieties grown in greenhouse on undisturbed Clarion soil"*" 
Soybean varieties Percent in serological groups 
3 31 123 
Acme 50 36.1 8.1 
Flambeau 55.5 00 16.6 
Goldsoy 35.2 24.0 28.5 
Chippewa 22.2 00 61.1 
Harosoy 41.62 30.5 41.6 
Blackhawk 8.3 20.8 55.5 
Hawkeye 16.6 8.3 61.1 
Mukden 19.4 00 66.6 
Ford 61.1 13.8 2.7 
Lincoln 8.3 00 42.6 
Clark 75.0 00 8.3 
Viking 50.0 00 41.6 
Hill 61.1 00 22.2 
Hood 16.6 12.5 58.3 
G. ussuriensis 22.2 27.7 38.8 
''"Clarion loam under rotation. 
n 
Harosoy gave cross reaction with antisera 3 and 123. 
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agent which retarded the multiplication of nodule bacteria that 
usually occur in the rhizosphere. 
The influence of the rhizosphere of each soybean variety, the 
different soils, and other environmental conditions could have had 
different effects in the three experiments on the competitiveness of 
different native serogroups to infect roots. The nutritional secretions 
of a soybean variety might be another factor which stimulates infectivity 
of a particular strain. Such a stimulating effect was demonstrated by 
Kamata (1962). The significance of the host genotypes, the rhizobial 
population at the root-soil interface, and the direct or indirect effect 
of environmental factors on the infectivity of rhizobia still remains a 
major interrelated problem of research in symbiotic nitrogen fixation 
studies. 
Distribution of Rhizobial Serogroups in a Soil Toposequence 
From previous experiments it was found that more than 95% of nodules 
from Harpster soils were of serogroup 135. It also was of interest that 
other serogroups, but not 135, were found in Clarion or Webster soils 
from the same field. Figure 8 shows the distribution of serological 
groups of rhizobia from nodules obtained from inoculated Ford soybeans 
planted on toposequence in location c (see page 20) which had not been 
limed since 1959. Serogroups for twelve sites were plotted according 
to decrease in soil pH from site 1 which had a pH of 8.3 to site 16 which 
had a pH of 6.8. Serogroup 135 made up about 92%, 75%, and 92% of the 
nodules from the Harpster sites No. 1, 2, and 3, respectively. From 
Site No. 4, which was a Webster with a 1% slope located 90 feet from 
Figure 8. Distribution of rhizobial serogroups from different sites 
of a soil toposequence grading from Nicollet (pH 5.9) at 
top to Harpster (pH 8.3) at the bottom 
Ï 
11 7 16. 15.13 12 « 9 
1 1 
-
: ! 1 i
5.5 6.0 6.5 
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site No. 1, 54% and 37% of the nodules gave positive reaction with 
antisera 135 and 123, respectively. About 25% and 50% of strains 135 
and 123, respectively, were obtained from nodules from site 5 (pH 7.3, but 
not shown in Figure 8.). Nodules from all other sites did not give 
positive reaction with antiserum 135. The predominant serogroup of the 
other sites was 123 which varied from about 58% on site 15 to about 95% 
on sites 16 and 12. There seems to be an area (between pH 7.0 and 7.5) 
in which there is a gradual change in complex soil factors which brings 
about a line of gradual separation of two serogroups of rhizobia. 
Effect of Soil pH on Rhizobial Serogroups 
Greenhouse experiment 
Preliminary studies of Harpster soil of pH 8.3 treated with acid 
to a pH of 6.8 and Clarion of pH 5.9 treated with lime to a pH of 8.1 
showed that acid and lime treatments did not affect nodule serotype. 
The percent of the predominant serogroup in both soils remained about 
the same. More than 90% of the nodules from four soybean varieties 
planted in untreated and acid-treated Harpster soil were positive with 
antiserum 135. The untreated and lime-treated Clarion also showed no 
difference in the percent of the predominant serogroup 123. Serogroup 
135 was not identified from any nodules tested from the Clarion soils. 
Nodules from all varieties on acid-treated Harpster were larger in size 
than those formed on non-treated soil. These results indicate the 
following possibilities: (a) The original Harpster soil did not contain 
any other identifiable serogroups and the Clarion soil did not contain 
strain 135; (b) the Harpster soil contained other serogroups but acid 
treatment did not help in their establishment, nor did lime help to 
establish strain 135 in the Clarion soil; (c) acidity and alkalinity 
are not the only factors associated with the soil type which account 
for the adaptation of particular strains of rhizobia in particular soil 
types. 
Soil substrate 
This experiment was conducted for further evaluation of the effect 
of pH on the predominancy of rhizobial serogroups 123 and 135 in different 
soils. The results summarized in Table 7. show the number of viable cells 
recovered per gram of soil two weeks after inoculation. The inoculum 
contained either 15,000 cells of strain 123 or 18,200 cells of strain 
135. This was equivalent to 600 and 728 cells per gram of soil substrate 
of strain 123 and 135, respectively. Numbers of rhizobial cells recovered 
from various soils for both strains indicate that strain 123 grew well 
regardless of soil pH, whereas growth of strain 135 was affected by soil 
pH. 
Although this experiment showed the effect of soil pH on growth of 
strain 135, the actual causative factor may not have been pH per se. 
There were additional changes in the series of soil substrates used in 
this experiment. The soil substrate varied from a Harpster soil to a 
Clarion soil. Changes due to autoclaving also should be considered. 
Yeast-mannitol broth substrate 
Table 8. shows plate counts of strain 135 and 123 from broth media 
with various pH values, which were inoculated with approximately 2.43 
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Table 7. Numbers of viable rhizobial cells recovered from seven 
sterilized soil samples of different pH two weeks after inocu­
lation 
Millions 
of Cells/g Soil 
Soil Site Soil pH 1231 1352 
1 8.2 177.5 . 247.5 
2 8.1 165.0 240.0 
3 8.2 162.5 182.5 
4 7.2 137.5 97.5 
8 6.2 155.0 16.5 
13 6.1 187.5 19.5 
16 6.4 205.0 17.5 
I^nitial inoculum contained 15,000 cells/ml/25g soil. 
I^nitial inoculum contained 18,200 cells/ml/25g soil. 
and 4.57 millions of cells per ml of broth substrate, respectively. 
Neither of the strains were tolerant to the high acidity of pH 4.0. The 
lower limit of growth for strain 135 was between pH 5.5 and 5.0 and for 
strain 123, below pH 4.0. Strain 123 had higher numbers at all the pH 
values below 8.0; at pH 7.3 the difference was not great, but 123 had 
more than ten times as many cells at pH 6.5 and 5.5. The plate counts 
show the greatest numbers of strain 135 between pH 8.0 and 8.5. The 
greatest numbers of strain 123 were present at pH 8.0. The results also 
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Table 8. Plate counts of Rh. japonicum strains 123 and 135 from 
inoculated broth cultures at various pH levels, 72 hours 
after inoculation 
PH 
Broth 1231 
Strain 
1352 
millions of cells/ml-* 
4 0.042 00 
5.0 79.5 00 
5.5 161.5 9.8 
6.5 284.7 19.2 
7.3 330.0 313.0 
8.0 >4004 >4004 
8.5 156.5 >6004 
9.0 91.2 
1 
179.5 
1After inoculation, initial count was 6500/ml. 
2After inoculation, initial count was 3600/ml. 
3Average of six replicates. 
E^stimated numbers. 
show that both strains grew at a pH of 9.0, but not as well as at 
slightly lower pH values. 
From the various experiments on the effect of pH, it appears that 
acidity and alkalinity are not the only factors influencing predominancy 
of a particular serogroup. In broth culture, acidity affected growth of 
strain 135 more severely than growth of strain 123. This agrees with the 
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effect of pH on strain growth in the soil substrate experiment. Acidity 
per se could explain why strain 135 is not found in soils with a pH of 
less than 7.5 if consideration is given to the observation that in a 
soil there is a high degree of competition between strains as well as 
between most soil microorganisms. The results of the studies on pH 
do not explain why strain 123 was not found in soils with a pH of 8.0 
or greater. In the broth experiment strain 123 made its maximum growth 
at a pH of 8.0. 
Selectivity of Host Genotype for Rhizobial Strain in Sterile System 
Variation in effectiveness of different strains with various host 
genotypes , 
Table 9., Figures 9. and 10 show the variation in nitrogen fixing 
ability of four rhizobial strains when they were used to inoculate three 
soybean varieties. In Table 9., the column giving the amounts of 
nitrogen fixed shows that with Hawkeye the order of increasing 
effectiveness was strains 3, 31, 123 and 135; with Harosoy 3, 135, 31 
and 123; and with G. ussuriensis the order was 3, 123, 135, and 31. The 
nitrogen fixation results illustrate a striking interaction between host 
genotype and strain of rhizobium. The most effective strain with Hawkeye 
was 135, with Harosoy 123, and with G. ussuriensis 31. Strain 3 was 
least effective with all three genotypes. All varieties infected with 
strain 3 showed severe nitrogen deficiency symptoms. Similar interactions 
with other soybean varieties and rhizobial strains were obtained by Boyes 
and Bond (1942), and Wright (1925a, 1925b). Interaction between strains 
Table 9. Effectiveness of four Rh. japonicum strains on three soybean varieties grown in 
association with each other-*-
Soybean varieties 
Inoculum Hawkeye Harosoy G. ussuriensis 
strains of 
Rh. japonicum Dry Wt. Nitrogen 
N fixed 
per plant Dry Wt. Nitrogen 
N fixed 
per plant Dry Wt. Nitrogen 
N fixed 
per plant 
gm. % mg. gm. 7. mg. gm. % mg. 
3 0.75 0.88 1.9 1.09 1.86 16.6 0.20 1.12 1.2 
31 3.19 2.88 86.2 3.21 2.63 80.8 0.52 2.76 13.3 
123 3.80 2.79 101.2 3.54 2.71 92.2 0.25 3.54 7.8 
135 4.70 2.91 132.2 3.72 2.54 65.3 0.42 2.99 12.6 
Control 0.70 0.68 - - 0.58 0.63 0.13 0.78 - -
•'•Average of three replicates. 
Figure 9. Two replicates from inoculated pots with strain 3 are shown 
to the left of a control pot. The numbers 1, 2, and 3 on 
the bottles indicate the location of the soybean varieties 
Hawkeye, Harosoy and G. ussuriensis, respectively, in each 
pot (top photograph). The lower photograph shows the three 
nodulated varieties from an inoculated pot with strain 3 and 
a non-inoculated Hawkeye to the right 
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Figure 10. Effectiveness of four Rh. japonicum serogroups on three 
soybean varieties Hawkeye No. 1, Harosoy No. 2, and 
G. ussuriensis No. 3. The ineffectiveness of serogroup 3 
on variety Hawkeye is indicated by the chlorotic yellow 
plant on the left associated with greener Harosoy and 
G. ussuriensis plants 
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of nodulating bacteria and genetypes of soybeans also have been reported 
by Johnson and Means (1960). 
Competition between rhizobial strains 
Table 10. shows the results of competition on the infectiveness 
and effectiveness of rhizobial strains 3, 31, and 123 when they were 
inoculated on the variety Harosoy. Strain 123 was the most infective 
strain of the three strains. This is shown by the percentage of nodules 
which reacted positively with antiserum 123 when mixed strains were used 
to inoculate the plants. With all possible combinations of strain 123 
with the others, the percents of nodules in serogroup 123 were 80.5%, 
63.8% and 79.1% when it was mixed with strain 3, or 31 alone and with 
both together respectively. These results also indicate that strain 3 
was less infective than strain 31 either if only 3 and 31 were together 
or if 3, 31 and 123 were together. When all strains were present in the 
inoculum the resultant competitiveness of strains 31 and 123 reduced the 
infectivity of strain 3 to 4.2%. 
From the data reported in Table 10., it was found that strain 123 
also was a high nitrogen fixer. Percents of total nitrogen in plant 
materials were 2.5%, 2.9% and 3.5% when the host variety was inoculated 
with strains 3, 31 and 123 alone. With the mixed inocula the percent of 
nitrogen paralleled the infectivity of the individual strains. 
Effect of the host genotype 
An experiment was conducted for a simple evaluation of infectiveness 
and effectiveness of rhizobial strains 3, 31, and 123 with soybean 
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Table 10. Infectivity and effectivity of three rhizobial serogroups 
when alone or mixed with each other using the variety Harosoy* 
Number of viable Dry % total Total 
cells of rhizobial weight Percent Percent in negative nodules 
strains/ml of of nitrogen serological groups nodules tested 
inoculum plants 
Millions per pot 
3 31 123 grams 3 31 123 
205 00 00 4.86 2.55 94.4 0.0 0.0 5.6 18 
00 230 00 3.96 2.99 0.0 100.0 0.0 0.0 18 
00 00 280 5.13 3:57 0.0 0.0 100.0 0.0 18 
103 115 00 4.40 2.91 38.9 55.6 0.0 5.6 18 
103 00 140 4.55 2.85 11.1 0.0 80.6 8.3 36 
00 115 140 4.63 3.38 0.0 25.0 63.9 11.1 36 
68 77 93 4.75 3.50 4.2 16.7 79.2 0.0 24 
00 00 00 1.70 1.05 - - - - — - - - -
*Average of three replicates. 
varieties Hawkeye, Harosoy, T202, T201 and G. ussuriensis. Results 
(Figure 11.) show that strains 3 and 123 were noninfective on the non-
nodulating soybean variety T201. The color of the plants was a chlorotic 
yellow and the plants produced no nodules. Strain 31 was found to be 
infective and effective on the soybean variety T201 and produced 
healthy, effective nodules with bulky green plants. These results 
indicate varietal responses to infectivity by a particular strain. 
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Figure 11. Effectiveness of two Rh. j aponicum serogroups on two isogenic 
soybean genotypes : T202, the modulating, and T201, the non-
nodulating genotype. Serogroup 3 and 123 produced no nodules 
on variety T201 as indicated from short yellow plants (first 
and third tube from the right). Serogroup 31 produced 
effective nodules on variety T201 as indicated by the tall 
green plant (second tube from the right) 
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Clark (1957) also discovered a few rhizobial cultures which infected 
the non-nodulating soybean in sand culture. 
Infectivity of rhizobial strains 
It is evident from the data in Table 12. that the infectivity of 
strain 3 and 123 on Hawkeye varied, as a result of competition between 
the two strains for infectiveness. The infectivity probably had no 
effect when each strain was inoculated alone, but varied when the 
numbers of each strain per ml of inoculum was varied. The expected 
and experimental ratios of infectivity of .122 were not proportional to 
the numbers of each rhizobial strain in the inoculum. When the inoculum 
ratios of strains 123:3 were 1.12:1, 11:1 and 0.11:1, the experimental 
ratios of infectivity were 1.30:1, 4.79:1 and 1.56:1 respectively. 
The high competetiveness of strain 123 was particularly evident 
when 61 million cells of strain 3 were mixed with seven million cells 
of strain 123. About 39% and 61% of the nodules gave positive aggluti­
nation reaction with antisera 3 and 123 respectively. The rhizosphere 
effect of the host, the nutrient sand substrate, and the growth chamber 
conditions probably had various effects on the growth and infectiveness 
of each strain. These factors were not evaluated in this experiment. 
The high competitive ability of strain 123 with 3 in this experiment, 
and with 31 in another experiment probably is one of the factors which 
i 
causes the predominancy of 123 in most field soils tested in this study. 
Bhizoplane and Rhizobial Population 
Results in Table 13. show the changes in the rhizobial population 
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Table 12. Percent serological groups from nodules of Hawkeye when 
inoculated with various mixtures of Eh. iaponicum serogroups 
Number 
cells/ml 
of 
of 
viable 
inoculum in 
Nodules 
serogroups Ratio of — 
3 
3 123 3 123 -Rx. 
Millions Millions % % % Expected Experimental 
134 00 94.4 00 . 5.5 - -
00 150 00 100 00 - - " -
67 75 36.1 47.2 16.6 1.12:1 1.30:1 
6 66 16.6 80.6 5.1 11.00:1 4.79:1 
61 7 38.8 61.1 00 0.11:1 1.56:1 
Table 13. Number of Rh. iaponicum strain 123 on the roots of Hawkeye 
after various periods of inoculation 
Period after 
inoculation- Number of rhizobia 
hours recovered from root 
1 218 
72 308 
144 3475 
216 10898 
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on the rhizoplane of Hawkeye soybeans. One and 72 hours after inoculation 
with 2,128 cells there were 218 and 308 cells on the root system, 
respectively. This indicates that after 72 hours only about one cell 
was recovered from seven cells of the inoculum. After 144 hours the 
number of cells on the root system exceeded the number of cells in the 
inoculum. These results indicate that little increase in rhizobial 
population took place for a period of time due to the new environmental 
conditions in sand culture. Higher plate counts after 72 hours indicate 
the establishment of the rhizobial strain in the new medum. The root 
exudate during plant growth may have caused an increase in rhizobial 
population. 
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SUMMARY AND CONCLUSIONS 
1. Employing seven antisera, a quick agglutination test (using 
nodule suspensions as antigen) was used for serological identification 
of soybean nodule bacteria (Khizobium j aponicum) in some Iowa soils. 
Serological groupings of rhizobia and their predominancy as affected 
by different areas of the state soil types, host genotype and cropping 
sequences were investigated. Some of the factors affecting the 
distribution and predominancy of different serogroups were evaluated. 
The competetiveness between serogroups for ineffectiveness and 
effectiveness in association with various soybean varieties were studied. 
2. A survey of the rhizobial serogroups in nodules from soybean 
plants taken from fields in widely separated areas of Iowa showed 
predominancy of serogroup (or strain) 123, except in two highly 
alkaline soil types. A wider variation in serological reactions of 
nodule suspensions were obtained from different fields on different 
soil types than from different fields on the same soil types. A 
particular serogroup seemed to appear more frequently in a particular 
area. Strain 71A, 110, and 117 were not identified in most fields from 
the Clarion-Webster soil association area. 
3. The population of different rhizobial serogroups varied 
distinctly among soil types. Values for serogroup 123 from two Clarion 
soils were 40% and 57%, while from two Websters they were 90% and 78%. 
Some similar data were found with strain 3. Variation between the soil 
sites on the same soil type was not as great as between soil types. 
Abundance of serogroups 7LA, 110, 117 was low and serogroup 135 was 
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found mainly in Harpster and Storden soils (pH 8.3). 
From sites along a soil toposequence taken in the same field, 
serogroup 135 made up 92% from nodules obtained in the bottom (Harpster 
soil), and it was not found in the top (Clarion soil). 
4. Serogroup 3 was found in a higher proportion when soybeans 
followed corn. Thus, variation in cropping sequences probably influenced 
the establishment and predominancy of a particular strain. 
With a particular host genotype, abundance of serogroup 3 from 
Clarion soil, its absence from Harpster, and the presence of 83% and 
49% of serogroup 123 from Colo and Clarion, respectively, indicated the 
effect of different soils under a similar crop sequence on the estab­
lishment and infectivity of different rhizobial serogroups. 
5. The predominancy of some identifiable serogroups from different 
soil types did not appear related to soil pH. But serogroup 135 was 
recovered only from soils with pH above 7.0, and it was the only strain 
present in the calcareous Harpster and Storden soils. On sterilized 
soils of different acidity results indicated that strain 123 grew well 
at pH values from 6.1 to 8.2. With strain 135 numbers were nearly ten 
times as great in soils with pH above 7.0 than in soils below 7. In 
broth culture the greatest population of strain 135 was found between 
pH 8.0 and 8.5, and the acidity affected its growth severly. The 
maximum population of strain 123 was found at 8.0. Acidity per se 
might explain why strain 135 was not found in soils with a pH of less 
than 7.5 if one takes into account chemical and biological factors of 
the soil which are affected by hydrogen ion concentration of the soil, 
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but not why strain 123 was not abundant at higher pH values. 
6. The differences in selectivity by the hosts are particularly 
evident when Hawkeye and Glycine gracilis are compared. _G. gracilis 
had 19.6% of its nodules in serogroup 3 whereas Hawkeye had only 9.5% 
in serogroup 3. From twenty other varieties tested in the field and 
greenhouse, two varieties (Lincoln and Viking) did not select sero­
group 31 under field and greenhouse conditions. It seems probable 
that infectivity, competetiveness and predominancy;of a particular 
strain was affected by the complex soil factors, other environmental 
factors, and host genotype. 
In sterilized sand pots, rhizobial strain 31 was infective and 
effective on non-nodulating soybean variety T201. Strains 3 and 123 
did not produce nodules on T201. Infectivity and effectivity among 
strains varied as a result of competition between strains for infective­
ness. Serogroup 123 was found to be highly infective and effective 
compared to serogroups 3 and 31. Nitrogen fixation by Hawkeye, Harosoy 
and Glycine ussuriensis showed that with Hawkeye the order of increasing 
effectiveness was strains 3, 31, 123, and 135. This order varied with 
the other varieties. 
In sterilized sand substrate, rhizobial population on the rhizo-
plane showed little increase in rhizobial number until about 72 hours 
after inoculation and then a rapid increase to 10,000 cells after 216 
hours. This change in population may have significance in evaluating 
the infectivity of a particular strain when associated with a particular 
host genotype. 
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Table 14. Rhizobium japonicum serogroups from nodules of different 
soybean varieties grown in Northwest Iowa on Clarion 
Webster soil association area 
Percent in serological groups^  
Soil type 
Soil 
PH 3 31 123 135 110 117 
Harpster 8.2 00 00 4. 17 95. 83 00 00 
Harpster 8.1 00 00 8. ,33 91. 66 00 00 
Harpster 8.1 00 00 12. ,50 87. 50 00 00 
Harpster 8.0 00 00 20. ,83 70. 83 00 8. 33 
Storden 8.2 00 00 00 95. 83 00 4. 17 
Storden 8.0 4. 17 00 54. 16 25. 00 00 8. 33 
Clarion 7.5 16. 66 8, .33 66; 66 00 00 00 
Clarion 6.4 4. 17 58 .33 4. 17 00 8.33 12. 50 
Webster 7.3 00 00 100 00 00 00 
Webster 7.2 00 00 100 00 00 00 
One il 7.3 00 00 83. 33 8. 33 00 00 
Average 2. 27 6. 06 41. 28 43. 18 0.83 3. 03 
^All nodules gave negative reactions with antiserum 71A. 
89 
Table 15. Rhizobium japonicum serogroups from nodules of different 
soybean varieties grown in Southwest Iowa on Marshall 
soil association area 
Percent in serological groups1 
Soil type 
Soil 
PH 3 31 123 71A 110 117 
Minden 6.9 4.17 16.66 58.33 4.17 16.66 00 
Marshall 6.7 12.50 29.16 37.50 00 00 12.50 
Marshall 6.6 12.50 4.17 79.16 00 00 00 
Marshall 6. 6 12.50 4.17 75.00 4.17 00 00 
Marshall 6.2 29.16 25.00 33.33 12.50 00 00 
Shelby 6.7 12.50 50.00 20.83 00 00 16.66 
Shelby 6.6 58.33 8.33 20.83 00 00 00 
Average 20.23 19.64 46.42 2.98 2.38 4.16 
•'•All nodules gave negative reactions with antiserum 135. 
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Table 16. Rhizobium japonicum serogroups from nodules of different 
soybean varieties grown in South central Iowa on Shelby, 
Sharpsburg and Winterset soil association area 
Percent in serological groups^  
Soil type 
Soil 
PH 3 31 123 110 117 
Nodaway 7.6 4.17 00 83.33 00 8.30 
Nodaway 7.6 20.87 00 66. 66 00 4.17 
Shelby 5.4 16.66 8.33 45.83 12.50 00 
Sharpsburg 6.7 20.87 20.87 41.66 00 00 
Sharpsburg 5.8 16.66 25.00 50.00 00 00 
Sharpsburg 5.7 16.66 20.87 41.66 16.66 4.17 
Sharpsburg 5.8 33.33 00 29.16 16.66 4.17 
Gara 6.0 00 00 70.83 00 00 
Gara 6.0 00 00 95.83 00 00 
Winterset 5.8 16.66 45.83 37.50 00 00 
Winterset 6.8 20.87 8.33 54.16 00 00 
Lagonda 7.3 16.66 29.16 45.83 8.33 00 
Average 15.28 13.20 55.20 4.5.1 1.74 
•'•All nodules gave negative reactions with antisera 71A and 135. 
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Table 17. Rhizobium japonicum serogroups from nodules of different 
soybean varieties grown in East central Iowa on Tama, 
i 
Muscatine and Fayette soil association areas 
2 Percent in serological groups 
Soil pH 3 31 123 135 110 
7.6 12.50 00 79.16 4.17 00 
7.4 6.81 4.54 56.81 22.72 00 
7.3 00 00 100.00 00 00 
6.8 25.00 00 75.00 00 00 
6.8 , 4.17 12.50 70.83 00 00 
6.8 29.16 00 58.33 00 8.34 
6.7 62.50 4.17 12.50 00 4.17 
6. 6 12.50 20.83 58.33 00 4.17 
6.5 54.16 00 25.00 00 20.83 
6.4 00 00 95.83 00 4.17 
Average 20.68 4.21 63.17 2.69 4.17 
*Soil types were not identified. 
2 All nodules gave negative reaction with antisera 71A and 117. 
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Table 18. Serological groups of Eh. japonicum from nodules of four 
soybean genotypes grown in six different soil sites 
Soil type and 
cropping sequences Years 
Percent in serological groups 
3 31 123 135 
a. Clarion 
cont. corn since 1915 
b. Webster 
cont. corn since 1953 
c. Clarion 
cont. soybean since 1957 
d. Webster 
cont. corn since 1957 
e. Colo, rotation 
1962 corn, 1962 soybean 
f. Harpster, rotation 
1961 soybean, 1962 soybean 
1962 
1963 
1962 
1963 
Average 
1962 
1963 
1962 
1963 
Average 
1962 
1963 
Average 
1962 
1963 
29.62 
27.85 
8.80 
19.60 
4.68 
7.26 
5.97 
49.05 
14.50 
3.85 
4.77 
00 
5.20 
2.05 
00 
9.89 
4. 94 
00 
00 
00 
00 
46.22 
35.00 
Average 28.73 14.20 40.11 
81.72 
75.47 
4.41 78.59 
41.10 
73.97 
Average 31.82 2.60 57.53 
00 90.60 
1.02 88.35 
15.83 64.00 
8.42 76.27 
7.87 
1.04 
00 
00 
00 
00 
96.88 
Average 00 00 
